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DIRECT MEASUREMENTS OF THE SIZE AND AMPLITUDE 
OF IRREGULARITIES IN THE TOPSIDE IONOSPHERE 

by 

P. L. Dyson 
ABSTRACT 

Data obtained from the Alouette II Langmuir probe experiment during a 3- 
month period in the fall of 1P56 have been examined for effects due to electron 
density irregularities (fine structure). Irregularities occur in patches hundreds 
of kilometers in horizontal extent, and individual irregularities have amplitudes 
between 5% (limit of resolution) and 70% and dimensions of less than 2 km along 
the satellite path. These irregularities appear more often at night than during 
the day and they occur in a region which is centered on the auroral oval and 
extends to both higher and lower latitudes. Comparison of the probe data with 
Alouette II ionograms obtained simultaneously shows that spread F occurred at 
the height of the satellite whenever fine structure was observed. However, 
particularly at mid latitudes, spread F often occurs at the satellite even when 
the probe does not detect irregularities. When spread F occurs, but the probe 
does not observe fine structure, the irregularities are less than 5% in amplitude 
(i.e. below the probe's resolution). Calculations using an irregularity model 
indicate that spread F is often caused by irregularities less than 0.5 km thick. 
Several irregularity production mechanisms which could account for the results 
are discussed. 


v 



DIRECT MEASUREMENTS OF THE SIZE AND AMPLITUDE 


OF IRREGULARITIES IN THE TOPSIDE IONOSPHERE 
1. INTRODUCTION 

Electron concentration irregularities in the F-region of the ionosphere have 
been studied using many different observational techniques. In particular much 
has been learned about the world-wide occurrence characteristics of spread F 
irregularities from ground-based data (e.g. Reber , 1956; Shimazaki , 1959, 1962; 
Singleton , 1960, 1968) and more recently from topside sounder data ( Calvert and 
Schmid , 1964; Hice and Frank . 1966; Dyson , 1968). Irregularities in the F-region 
may be conveniently divided into two classes. The first consists of large scale 
irregularities known as travelling ionospheric disturbances (Munro, 1950). Be- 
cause of their large extent, the size and electron concentration variation in these 
irregularities can be estimated from radio soundings ( Munro and Heisler , 1956; 
Dyson , 1967) or from backscatter observations ( Thome, 1964). These irregulari- 
ties have horizontal dimensions of hundreds of kilometers and electron concen- 
tration variations of about 30% ( Heisler , 1964) and are the result of internal 
gravity waves propagating in the neutral atmosphere (Hines , I960). The second 
group consists of smaller irregularities which are field-aligned and cause 
spread F und scintillation of radio signals. The size of these irregularities 
cannot be determined unambiguously from ionograms. However, sizes in the 
transverse field direction of between 10 meters and tens of kilometers have been 
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inferred from observations made using different radio techniques ( Herman, 


1966a, Bowman , 1960). Variations in electron concentration of between 1% and 
70% have been deduced for these irregularities ( Herman , 1966a, Singleton , 1962). 

Many theories on the production of these irregularities have been suggested 
and were recently reviewed by Herman (1966a) but none of these can be con- 
sidered entirely satisfactory at present. Hence there is a definite need for 
direct measurements of irregularity amplitudes and sizes to check the values 
inferred from indirect measurements and to determine the extent to which ir- 
regularities of different amplitudes and sizes exist simultaneously in the iono- 
sphere. In recent years a number of electrostatic probes have been flown on 
satellites to measure electron concentration and temperature (e.g., Bowen, et. 
al. , 1964; Brace et. al. , 1965; Brace and Reddy . 1965; Sagalyn et. al. , 1965). Al- 
though these experiments were designed primarily to measure large scale vari- 
ations in these quantities, small scale electron concentration irregularities are 
also observed and their size and amplitude can be determined ( Brace and Reddy , 
1965). This paper presents the results of irregularity observations by the 
Alouette II electrostatic probe experiment and compares them with the observa- 
tions made by the topside sounder aboard the same satellite. 

2. RESULTS 

The Data : 

The Alouette n satellite was launched on November 29, 1965 into an elliptical 
orbit (perigee at 500 km, apogee at 3000 km) with an inclination of 80°. The 
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topside sounder and electrostatic probe experiments on board this satellite 


f 
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have been described in detail elsewhere (Nelms , et. al. 1966; Franklin and 
McLean , 1967; Findlay and Brace, 1969) and will not be discussed here. The 
data used in this study were obtained between August 1 and October 31, 1966 by 
the tracking stations at Quito, Ecuador; Fort Myers, Florida; Fairbanks, 

Alaska; and Orroral, Australia. A three month time period was used because it 
equals half the orbital precession period with respect to the sun and hence is 
the shortest time over which data at all local times can be obtained. The 
particular combination of tracking stations employed gives good geomagnetic 
and geographic latitudinal coverage in both the northern and southern hemi- 
spheres and also covers the regions in which topside spread F has previously 
been studied in detail ( Calvert and Schmid, 1954; Hice and Frank , 1966; Dyson 1968). 

All the topside ionograms available from these stations during the period 
specified were examined for the presence of spread F. Topside spread F may 
be divided into various types ( Calvert and Schmid , 1964) but no distinction be- 
tween these has been made in this study. The electrostatic probe data were 
also examined for the effects of ionospheric irregularities. The most obvious 
effects which occur are distortions in individual volt-ampere characteristics, 
(Figure 1), caused by ionospheric variations along the satellite path. These 
can result from either electron concentration or temperature variations since 
the current collected by the probe depends on both of these. However, as shown 
in Figure 2, electron concentration variations have a much more pronounced 
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effect and it is unlikely that distortions in individual curves are caused by elec- 
tron temperature irregularities. (A more detailed discussion is given in the 
appendix.) The range of irregularity dimensions which can be detected as dis- 
tortions in individual curves depends on the probe voltage sweep rate and period, 
the satellite velocity and the response times of the probe electronics and 
telemetry system. For the Alouette II probe, irregularities up to 3 km in ex- 
tent along the satellite path can be detected readily. In this analysis ''quick 
look" records of the probe data were used and the lower limit to the size of 
irregularities which could be resolved (~ 0.2 km) was determined by the film 
speed used when producing the records rather than by the response times of the 
electronic systems. The smallest irregularity amplitude which can be detected 
is a function of its extent along the satellite path (see appendix) and this function 
for the Alouette n probe is shown in Figure 3. The lower limit of 5% is deter- 
mined by instrumental effects. 

In order to distinguish between the observations of the two experiments, the 
term "fine structure" will be used to refer to the probe observations of ir- 
regularities and the term spread F will be used for the sounder observations. 
Since the irregularities are probably elongated along the field lines, the spatial 
extent of the irregularities measured by the probe is related to the transverse 
dimension of the irregularities. Hence the term "thickness" will be used in 
discussing the measurements of irregularity size. 
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Observations of Fine Structure: 


Figure 4 shows the percentage occurrence of fine structure as a function of 
invariant latitude defined by cos A = (1/L ) . This definition orders the data 

solely in terms of the magnetic field and was used because in the upper F region 
and the protonosphere electron density irregularities are field-aligned. How- 
ever since the satellite's perigee is at 500 km, there are no observations at 
invariant latitudes of less than 15°. The combined effects of the telemetry sta- 
tion locations and the satellite orbital inclination were such that observations 
were not obtained at latitudes greater than 85° A . Figure 4 clearly shows that 
fine structure occurs almost exclusively in the auroral and polar regions. This 
result is in agreement with observations made by a similar probe aboard the 
Explorer 22 satellite ( Brace and Reddy , 1965; Dyson and Zmuda , 1968). 

The association between the fine structure and the auroral region is further 
demonstrated in Figure 5 which is a plot of the positions of the auroral oval 
( Feldstein , 1960) and the equatorward boundary of the fine structure regions. 

In the case of the latter both northern and southern hemisphere data have been 
used. The variation in die latitude of the fine structure boundary with local time 
is similar to that of the auroral oval in that it occurs at lower latitudes at night 
than during the day. However, the fine structure usually begins as much as 10° 
equatorward of the oval during night time, and this behavior has also been ob- 
served for the irregularities responsible for scintillation (Aarons et. al . ( 1969). 
There is a weak tendency for the fine structure boundary to be closer to the 
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equator daring magnetically disturbed conditions. For most passes the data did 

♦ 

not extend sufficiently poleward to define a poleward boundary of the fine struc- 
ture. In the few cases in which a poleward boundary was observed, its location 
was nearly always poleward of the oval (Figure 5). Thus the fine structure oc- 
curs in the same region as the auroral oval but usually extends to both higher 
and lower latitudes. 

For each daytime and nighttime pass in which fine structure occurred the 
amplitude and thickness of typical irregularities were measured and the results 
are shown in Figure 6. It should be emphasized that generally irregularities of 
different sizes are usually observvd within each irregularity patch but only the 
thicknesses and amplitudes typical o' each patch have been plottcc . The irregu- 
larities generally have thicknesses of 0.3 1,3 km ard amplitudes of about 25%. 

The daytime irregularities tend to be of smaller amplitude but have thicknesses 
similar to the nighttim? irregularities. No dependence of irregularity size on 
altitude or Kp was observed. 

Observations of Spread F 

Since a number of detailed studies on the occurrence characteristics of 
topside spread F in its various forms have appeared in the literature (e,g. 
Calvert and Schmid, 1964; Hice and Frank, 1966; Petrie, 1966; Dyson, 1968). we 
will not discuss these characteristics in detail here. We merely point out that 
the data used for this study show similar latitudinal and local time variations in 
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the overall occurrence of spread F (hereafter referred to as spread F x ) to those 
found in these othe rtudies (see Figure 7). We shall also be concerned with 
spread F at the satellite height and this will be referred to as spread F Jat . 

Comparison of Fine Structure and Spread F Observations 

The occurrences of spread F T , spread F aat , and fine structure are com- 
pared in Figure 7. The data have been divided into three time periods, night- 
time (2000-0400 LT), daytime (0800-1600) and sunrise-sunset (0400-0800 and 
1600-- ^00). Within each time period the data were divided into boxes of 5° 
invariant latitude and the percentage occurrence calculated for each box. The 
error bars represent the 90% confidence interval estimate of the population 
percentage occurrence (Natrella , 1963). Both the northern and southern 
hemisphere data are included in these figures. Initially individual plots were 
made for each hemisphere but the difference in the plots was not significant, 
except for two cases. The two exceptions were the daytime and sunset -sunrise 
plots of spread F T which showed greater occurrences at low latitudes in the 
southern hemisphere than in the northern hemisphere. This difference is also 
apparent in Hice and Frank's (1966) daytime data. However, combining the data 
from both hemispheres even in these cases does not affect the conclusions of 
this study. The sunrise and sunset data were also plotted separately initially 
and no significant differences were found. 

Figure 7 shows that the occurrence of spread F T at night is very high and 

there is little change with latitude. In daytime the occurrence at high latitudes is 
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very high but it decreases rapidly below 60°A. At sunset and sunrise an increase 
with latitude is also apparent but it is not as great as during the day. Tne oc- 
currence of spread F sat increases with latitude at all times of the day. At 
high latitudes the occurrence changes little with local time and is almost equal 
to t ie occurrence of spread F T . At mid-latitudes the occurrence of spread F sat 
is slightly less during the daytime and is always less than the spread F T oc- 
currence values. The occurrence of fine structure also increases with latitude 
and there is a large diurnal variation, with the maximum occurrence at night. 
During the night, the occurrence of fine structure is much less than that of 
spread F sat except at high latitudes where the occurrences are approximately 
the same. Examination of ionograms and probe records obtained simultaneously 
showed that whenever fine structure was present spread F sat occurred. 
Furthermore the degree of spreading was generally greater when fine structure 
was observed (Table 1). This result is consistent with Petrie's (1966) observa- 
tion that the maximum amount of spread F sat occurs in the auroral oval region. 

3. INTERPRETATION OF RESULTS 

The results presented in the last section show that the occurrence of spread 
F sat is significantly less than that of spread F T , particularly at mid latitudes. 
This suggests that the irregularities causing spread F often exist below the 
satellite but do not extend up to it. However, there are qualifying factors which 
must be considered. Firstly, when the satellite is near apogee (3000 km), the 
electron scale height is very gi’eat. As a result the virtual height changes very 
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rapidly with frequency so that echoes from near the satellite height are very 


weak and do not appear on the ionograms. Hence it is difficult to determine if 
spread F sat is present in these cases. Secondly when combination mode 
spread F (Muldrew , 1963) occurs, extra echoes may not be observed at the satel- 
lite height even though irregularities responsible for these echoes probably ex- 
tend up to the satellite. The differences between the occurrences of spread F T 
and spread F sat are probably due largely to these limitations rather than any 
variation in occurrence with altitude and hence the occurrence of spread F sat 
represents a lower limit to the actual occurrence of irregularities at the satel- 
lite height. 

The fine structure observations indicate the presence of irregularities in 
the immediate vicinity of the satellite. Therefore we might expect some simi- 
larity between the occurrences of fine structure and spread F jat . The results 
show (Figure 7) that even though the occurrence of spread F sat represents a 
lower limit for the occurrence of irregularities at this height, the occurrence 
of fine structure is generally even smaller. Therefore irregularities are often 
present at the satellite height which can cause spread F but are not detectable 
as probe fine structure. Figure 7 shows that this occurs more often at mid- 
latitudes indicating that irregularities of different sizes occur at different 
latitudes. S&nce spread F sat is observed whenever fine structure is, it is 
relevant to examine whether the irregularities causing the fine structure are 
the same ones responsible for the spread F. 
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In the topside ionosphere irregularities are field aligned and extend for large 
distances along field lines since diffusion in the direction of the magnetic field 
is the dominating process. Thus we can approximate irregularities in the 
vicinity of the satellite to thin field-aligned layers (Figure 8). Consider the 
case in which the layers are parabolic. If we ignore the effect of the magnetic 
field, the refractive index, n , at a frequency f , is given by 


n 2 (z) 



f b 2 -f c 2 

f 2 



2 


where 

t is the thickness of the layer 
f c is the critical frequency of the layer 
z is a distance parameter 

f b is the plasma frequency of the background medium 
Following the method used by Rydbeck (1942), the reflection coefficient for such 
a layer is given by 


R 2 = (1 + e- 2 ^)' 1 

where 

f 2 _ f 2 

TTt [ c 1 

P 2C /f 2 - f 2 

c b 

c is the velocity of light. The sensitivity of the Alouette II sounder receiver is 
about 116 d.b. (Franklin and McLean, 1967) so that, for an irregularity with 
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amplitude 100 x %, the thickness of an irregularity causing a frequency spread 
A f is given by 

26.71 c x 1/2 X b 
'tt 2 f b [1 -(1 + x) XJ 

where 

= (*„/(*„ +M»* 

Figure 9 shows plots of t as a function of x for various values of f b and 
A f . When fine structure was observed f b was typically less than 1 MHz and 
Af - 1 MHz. Hence the irregularities responsible were less than 0.4 km thick 
and correspond to the thinnest irregularities observed to cause fine structure 
(Figure 6). When spread F jat is observed but fine structure is not, the 
frequency spreading is usually less than 1 MHz (see table 1). The echo con- 
figurations which normally occur on topside ionograms when spread F sat is 
present indicate that thin field-aligned irregularities are responsible ( Calvert 
and Schmid , 1964). Figure 9 shows that when the plasma frequency is less than 
2 MHz, irregularities less than 0.5 km thick and with amplitudes less than 5% 
could cause spread Fbut not resolvable fine structure. This value for the thick- 
ness of the irregularities agrees with the results of most other techniques which 
indicate thickness of about 1 km or less (see Herman , 1966a). An exception con- 
cerns Bowman’s observations of bottomside spread F which he interpreted as 
being caused by wave like irregularities with horizontal wavelengths of tens of 
kilometers (Bowman , 1960). Such waves would most likely result from gravity 
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waves in the neutral atmosphere, however, since the amplitude of gravity waves 
is heavily attenuated in the upper atmosphere they could not be responsible for 
irregularities in the upper F region and protonosphere. 

4. DISCUSSION 

It has long been reeognied ( Shimazaki , 1959; Singleton, 1960; Piddington , 
1964) that different irregularity production mechanisms are very likely opera- 
tive at different latitudes. This is supported by our results which show that 
irregularities in the region of the auroral oval often are of a different size and 
amplitude to those at mid-latitudes. 

One possible source of the oval irregularities is the precipitating particles 
that occur in this region. Herman (1966b) has shown that proton fluxes can pro- 
duce sufficient ionization to cause such irregularities. Because the protons pre- 
cipitate along field lines and are not scattered appreciably by the collisions they 
undergo, each proton produces ionization that is field aligned and contained 
within a tube of radius equal to the gyro-radius of the proton. To produce elec- 
tron density irregularities would require spatial variations in the intensity of 
the precipitating proton flux, however, no rapid spatial variations have been 
observed (Eather, 1967). Although precipitating electrons are scattered more 
by collisions they will remain within a field aligned tube of radius several times 
the gyroradius at least in the region above 90 km where they produce most of 
their ionization ( Chamberlain , 1961). Therefore precipitating electrons could 
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also produce irregularities in electron density. Particle detectors aboard 
satellites have observed large changes in electron flux over distances of about 
a kilometer but it is possible that these variations are temporal rather than 
spatial, ( Evans et. al. , 1967). In fact intense fluxes of low energy electrons 
(E - 10 kev) are observed at invariant latitudes as low as 60° ( Fritz and 
Gurnett , 1965) so that if the irregularities are related to electron precipitation 
it is not surprising that they occur over a region more extensive than the 
auroral oval. Probably then, precipitating electrons are more likely to be the 
cause of irregularities than are protons. Since spatial variations in the pre- 
cipitating flux intensity are required in this mechanism the ultimate cause of 
the irregularities would be related to the magnetospheric processes. 

Another mechanism which produces irregularities in the auroral region is 
that proposed by Piddington (1964). In this mechanism frictional forces in the 
magnetosphere cause a Pedersen drift in the E region resulting in irregularities 
with horizontal dimensions the order of 1 km. The irregularities are trans- 
ferred to the F region by polarization fields. The mechanism is restricted to 
the auroral region because the Pedersen drift is zero elsewhere. A test of this 
theory would be to determine if the F region irregularities extend down into the 
E-region but this cannot be done using satellite observations alone. Dessler 
(1958) postulated that F region irregularities were caused by hydromagnetic 
waves and Singleton (1962) showed that this mechanism would produce irregular! 
ties with the largest amplitudes in the auroral region. This is consistent with 
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the observations reported here but this theory gives no explicit way of calculat- 
ing irregularity dimensions to compare with those observed. Wi(’) these limita- 
tions it is not possible to decide between these mechanisms using the data re- 
ported here. It is possible that all these mechanisms occur and they may in 
fact be related to one another. For example, the magnetospheric forces respon- 
sible for the Pedersen drift in the E region may also affect the intensity of the 
precipitation flux along the same field lines. 

At midlatitudes the irregularities cannot be produced directly by precipi- 
tating particles or Pedersen drift, although it is possible that the irregularities 
produced in the auroral zone drift to lower latitudes under the influence of the 
Sq and DS electric fields (Piddington, 1964). As the irregularities drift equator- 
ward they will decrease in amplitude and increase in thickness due to diffusion 
processes. Thus this mechanism produces irregularities at mid latitudes which 
have different characteristics to those in the auroral zone, a feature that is 
supported by the electrostatic probe observations. The hydromagnetic wave 
mechanism is still operative at mid-latitudes and produces smaller amplitude 
irregularities than in the auroral zone ( Singleton , 1962). 

Another possible mechanism at mid-latitude is that proposed by Bowhill 
(1966) in which irregularities result from changes in the heat flux conducted 
from the protonosphere to the ionosphere. His calculations showed that a 
change in the nighttime heat flux from 10 8 to 3 x io 8 eV cm' 2 sec' 1 would 
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cause a decrease in the electron density of about 10% at the F 2 peak and an in- 
crease of 30% or more at 1000 km. However, our results indicate that mid- 
latitude irregularities above 1000 km have amplitudes more like 5% so that 
smaller changes in the heat flux would be sufficient. In fact irregularities with 
amplitudes of a few percent could be produced in the topside ionosphere by 
changes in the heat flux even in the daytime and this may explain why daytime 
mid-latitude spread F occurs more often in the topside ionosphere than the 
bottomside ionosphere ( Dyson , 1968). 

5. SUMMARY 

In the topside ionosphere, electron density irregularities, observed by the 
Langmuir probe occur in patches several hundred kilometers in extent and have 
thicknesses less than 2 km and amplitudes between 5% and 70%. They occur in 
a region which encompasses the auroral oval and extends further poleward and 
equatorward of the oval. Spread F observed simultaneously by the Alouette H 
sounder was caused by the irregularities less than 0.4 km thick. At mid-latitudes 
irregularities are also observed, but these are probably larger and have ampli- 
tudes of less than 5%. There are several theories on the production of irregu- 
larities which would account for the observations. Further measurements of 
irregularity thicknesses and amplitudes would enable these theories to be exam- 
ined more critically. Although a large amount of electrostatic probe data from 
satellites is available, the information it contains on small scale irregularities 
is limited because the experiments design was not optimum for irregularity 
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measurements. It would be extremely valuable to employ a modified experimental 
arrangement whereby irregularities with amplitudes of 1% or less and with 
dimensions of as much as tens of kilometers could be measured. Such an ex- 
periment (to be flown on a future sounder satellite) could readily resolve the 
question of whether in the region of the F 2 peak, spread F is caused by irregu- 
larities of about 1 km thick ( Herman , 1966a) or by wave-like irregularities with 
wavelengths of the order of 10 km ( Bowman , 1960, 1968). 
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APPENDIX 


EFFECT OF IRREGULARITIES ON ELECTROSTATIC 
PROBE AMPERE-VOLT CHARACTERISTICS 

The electron current to a stationary cylindrical probe is given by ( Mott- 
Smith and Langmu ir, 1926) 

( 1 ) 
( 2 ) 


X . =AN e e/-- f hJl+expiv) [l - erf V? ] > V > 0 


= AN e e V ex P (*?) 1 < 0 


where 

t 7 = eV/kT e 

A = is the area of the probe 
N e = is the electron density 
m = is the electron mass 
e = is the electronic charge 
T e = is the electron temperature 
k = is Boltzmann’s constant 
V = is the applied voltage. 

Similar equations apply for the ion current and a theoretical probe charac- 
teristic is shown in Figure 10 . 
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Using these equations and assuming the shape and size of electron density 
or electron temperature irregularities we can readily calculate the ampere-volt 
(I-V) characteristics which would result if a satellite-borne probe passed through 
such irregularities. Examples of theoretical I-V characteristics for different 
types of irregularities are shown in Figure 2. 

Theoretically it would be possible to detect ionospheric irregularities by 
determining whei! er or not the I-V curves deviate from the shape obtained when 
the medium is homogeneous. However, this approach would be difficult because 
corrections would have to be made for probe orientation affects. A simpler 
approach is to consider only those irregularities which produce sufficiently 
large distortions in individual probe characteristics so that they are readily 
detected by visually scanning the data records (l.e., distortions similar to those 
of Figure 1). The arbitrary criterion has been adopted that only irregularities 
large enough to cause d I c /d 77 5 0 have been considered. 


Because the satellite is moving the quantity that determines whether or not 
dlJdT] becomes less than or equal to zero is the N e or T e gradient along the 
satellite path. Differentiating equations (1) and (2) with respect tox , the distance 
along the satellite path, we have for die electron saturation region. 

— i \ 

1 + 2 Vt)/vti e 15 (1 - erf v’-rj) J ^ 

1 1 dV 

1+2 v rj /\ v e v (1 - erf v'rj) J 


±S. fn 5 

I e dx N e dx + T e dx j 
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and for the electron retardation region 


_ 1 _ 


dl 


dx 




dl e - v e dV 

—.(0.5 - 


(2A) 


dV = 1R 
dx v 

where R is the voltage sweep rate and v is the satellite velocity. In deriving 
these equations changes in the satellite potential due to changes in T e have been 
ignored. 


If we consider first the electron saturation region then the requirement 
dl e /d7j 5 0 means that electron density irregularities will be detected if 


_ J_ dN e > e f 1 1 dV 

N e dx ' kT e | i + 2 v ~ (1 _ erf j dx 


(IB) 


and T e irregularities will be detected if 
dT 


f __I /fo.S- 

T e dx kT e + 2vt)/vv e 1 , (l -erf ^ rf) J dx / l +2V -q /s tt e v (1 -er f Vri) J 


(2C) 

In the electron retardation region the requirement for N e irregularities to 
be detected is that 


J_^e > e dV 
N e dx ~ kT e dx 


( 2 B) 


and for T e irregularities 


— - — i — — /{0.5 - 77 }. 


T e dx kT e dx 


(2C) 
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In Figure 11 the values of (l/N e ) (dN e /dx) and (1/T e ) (dT e /dx) for which 
d I /dr; = o have been plotted as a function of applied voltage for the Alouette II 
probe. Above zero volts (the plasma potential) the effect of N e irregularities 
on the probe characteristics is much greater than T e irregularities. At nega- 
tive voltages T e irregularities affect the curves more but even at -2V very 
large gradients in T e would be required to cause an inflection point in the I-V 
curve. At more negative voltages the main component of the probe current is 
that due to positive ions and any distortions occurring in the I-V curves would 
more likely be caused by density irregularities than temperature variations. 

Under typical conditions, the Alouette n probe sweeps to at least 8 volts 
above the plasma potential. Thus from Figure 11 it is apparent that irregulari- 
ties must have gradients of about 0.2/km or more to be detected, i.e., an ir- 
regularity 1 km thick must have an amplitude of at least 10%. 
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Table 1 



Fine Structure 

Spread F sat 

Yes 

No 

< 1 MHz 

58 

230 

> 1 MHz 
i 

113 

21 


Number of observations of fine struc- 


ture and spread F sat . 
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FIGURE CAPTIONS 


Figure 1. Volt-ampere characteristics obtained from the Alouette Q probe (a) 
normal record, (b) curves distorted due to ionospheric irregularities. For 
details concerning the data see Findlay and Brace (1969). 

Figure 2. Theoretical volt-ampere characteristics when irregularities present 
(a) Gaussian electron density irregularities of 30% amplitude (b) Gaussian 
electron temperature irregularities of 30% amplitude. 

Figure 3. Minimum amp^tudc of electron density irregularities which can be 
detected by the Alouette n probe. The lower limit of resolution (5%) is due 
to instrumental effects. 

Figure 4. The percentage occurrence of fine structure plotted against invariant 
latitude A (cos 2 A = 1/L ). 

Figure 5. Locations of the equatorward and poleward boundaries of fine struc- 
ture and the auroral oval (after Feldstein, 1963). 

Figure 6. Histograms showing typical amplitudes and thicknesses of the ir- 
regularities causing fine structure during daytime (0800-1600 LMT) and 


nighttime (2000-0400 LMT). 



Figure 7, The occurrence of spread F T (overall spread F), spread F gat (spread 
F at the satellite height), and fine structure at (a) nighttime, (b) day time, 

(c) sunset- sunrise. 

Figure 8. Model of electron density irregularities used to estimate thickness 
of irregularities causing spread F gat . 

Figure 9. Plots of irregularity thickness as a function of irregularity amplitude 
for various values of the plasma frequency, f b , and the amount of frequency 
spreading, Af. Irregularities in the shaded zone cannot be detected by the 
probe. 

Figure 10. Theoretical volt-ampere characteristic. 

Figure 11a. Minimum electron density gradients required to produce detectable 
fine structure. N e gradients are detected more readily in the electron 
saturation region of the ampere-volt characteristic. 

Figure lib. Minimum electron temperature gradients required to produce 
detectable fine structure. T e gradients have the greatest effect in the 
retardation region of the ampere-volt curve. 
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Figure 1 -Volt-ampere characteristics obtained from the Alouette II probe (o) normal record, (b) 
curves distorted due to ionospheric irregularities. For details concerning the data see Findlay 
and Brace (1969). 
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Figure 2— Theoretical volt-ampere characteristics when irregularities present (a) Goussien 
electron density irregularities of 30% amplitude (b) Gaussian electron temperature irregu- 
larities of 30% cmplitude. 
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Figure 6-Histograms showing typical amplitudes and thicknesses of the irregularities causing 
fine structure during daytime (0800-1600 LMT) and nighttime (2000-0400 LMT). 
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INVARIANT LATITUDE, DEGREES 

Figure 7a— The occurrence of spread F-p spread F jof , and fine structure at nighttime 
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Figure 7b-The occurrence of spread Fj (overall spread F), spread F #ot (spreod F at the 
satellite height), and fine structure during daytime. 
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Figure 9-Plots of irregularity thickness as a function of irregularity amplitude for various 
values of the plasma frequency, f^, and the amount of frequency spreading, Af, Irregular- 
ities in the shaded zone cannot be detected by the probe. 
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Figure 10-Theoretical volt-ampere characteristic 
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